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Abstract 
The effect of increasing RUSUNAMI high-rise and low cost building flats construction has brought about some problems. One of 
them is the use of air conditioning in many building flats. It shows that the objective of the RUSUNAMI is not fulfilled because 
it needs additional operational cost for air conditioning. Two RUSUNAMIs in Bandung and three RUSUNAMIs in Jakarta were 
selected and measured related to ventilation and indoor air temperature. This paper examines the performance of natural 
ventilation and indoor air temperature and their ability in thermal comfort with the adaptive approach. In general, all 
RUSUNAMI is not effective in utilizing the wind because it is designed for air conditioning. On this occasion, it is discussed the 
opportunities of natural ventilation associated with utilization approach of adaptive thermal comfort.  
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1. Introduction 
In 2007, Indonesian government launched the 1000 Towers Program, i.e. the construction of high-rise flats 
building for low income people (8 to 20 floors), called as RUSUNAMI (‘prosperous and ownership’ flats) [1]. The 
concept of construction seems too simple and does not consider the indoor thermal comfort. In fact, many 
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RUSUNAMIs are built with air conditioning and do not use natural ventilation optimally. It makes the initial 
objective of RUSUNAMI [2] not fulfilled, partly because of the high operational costs in building operation. This 
paper attempts to convey the existing conditions of RUSUNAMIs in Jakarta and Bandung related to the performance 
ventilation and indoor air temperature. Afterwards, the study of adaptive prediction on thermal comfort is done to 
see the opportunity in thermal comfort. 
 
Nomenclature 
WWR window to wall ratio 
R resistance thermal value of building envelope 
WIT Western Indonesia Time 
α exponent of wind shear 
Vo measured wind speed  
K Kelvin 
W Watt 
Ta air temperature 
Va air velocity 
Tn neutral temperature or comfort  
2. Literatures 
Building Regulation [2] and technical guidelines for RUSUNAMI [1] have not yet been described in detail on 
how to get thermal comfort by using passive design. These in turn make various interpretations and implementation 
of RUSUNAMI building practices [3, 4, 5]. If these regulations and guidelines were written in a more detail based 
on site measurement and observation, one might expect that thermal comfort could be created in RUSUNAMI. 
The study of Liping, et.al. [6] on the use of natural ventilation in high rise building flats in Singapore suggested 
some passive design parameter values: R value, building orientation, window to wall ratio (WWR) and shading 
dimension. For example, the minimum value of WWR was 0.24.Presumably RUSUNAMIs in Indonesia have not 
been concerned about the impact of this WWR value. Related to the value of R material, Sujatmiko [7] reports that 
the value of R in building RUSUNAMI is very low, about 0.5 m2. K/W. It is far from the heat reduction capabilities 
in ASHRAE 90.1 energy conservation standards that require 1 m2. K/W or ASHRAE 189.1 high performance green 
building standard which requires 1.3 m2. K/W. Wind power law equation can be used to predict the wind gradient to 
compare with the real measurements [8]. To predict the thermal comfort adaptability with local climatic conditions 
of occupant in natural ventilation of RUSUNAMI, adaptive equation formulated by ASHRAE Brager [9]will be 
used. 
3. Methods 
Firstly, the field measurement of objects is the double loaded RUSUNAMI buildings. Five RUSUNAMI objects 
were examined, namely: RUSUNAMI A, B, C, D, and E [Fig. 1]. Two thermal quantities measurement presented 
here is the flow of wind and indoor air temperature. The measurement of RUSUNAMI A was carried out in 
February2012,while the measurement of RUSUNAMI B was in March 2012. RUSUNAMI C was conducted in May 
2012, and RUSUNAMI D was in May-October 2014. Then, RUSUNAMI E was in June-August 2014. The wind 
data was measured every second and they are presented in the form of figures average results as shown in Fig. 2. The 
WWR value of all RUSUNAMI objects (except RUSUNAMI E) is too low, even lower than the provisions proposed 
by Liping for Singapore [3]. It is maybe due to the fact that RUSUNAMI buildings in Indonesia are less concerned 
about optimizing the utilization of natural wind. 
Secondly, the climate data of Bandung and Jakarta from BMKG (www.bmkg.go.id) was collected. Climate data 
is used to formulate the adaptive thermal comfort. The data is processed and presented in Fig. 3. 
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Finally, the comparison of the measured temperature data of the existing range of adaptive thermal comfort zone 
is explained in the graph climatic data. 
 
 
Fig. 1. Location of five objects RUSUNAMI. 
 
Fig. 2. The measured airflow data per second as it appears on the curve. For the compaction of the page, most of the data will be presented in the 
form of data on average such as the example above. 
 
Fig. 3. Climatic data of (a) Bandung; (b) Jakarta. Source: analysis from BMKG basis data 
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Table 1. Characteristic of the WWR from five RUSUNAMI objects of study. 
RUSUNAMI Room WWR Area of openable (m2) WWR openable 
A- T21 Living room 0.18 1.75 0.18 
A- T36 Main bedroom 0.20 1.75 0.20 
Living room 0.20 1.75 0.20 
B- T36 Main bedroom 0.23 0.30 0.04 
Second bedroom 0.15 0.25 0.04 
Living room 0.14 1.00 0.14 
C- T36 Main bedroom 0.16 0.20 0.03 
Living room 0.19 1.40 0.19 
D- T36 Main bedroom  0.13 0.35 0.05 
Main bedroom 0.06 0.16 0.02 
Second bedroom 0.08 0.16 0.03 
Living room 0.14 0.97 0.14 
 
4. Results and Discussions 
4.1. Profile of wind speed against building height 
The wind speed measurement at RUSUNAMI A was conducted on 2nd, 10th, and 21st floors, parallel and 
perpendicular to building openings. As shown in Fig. 5, the average of wind speed from 9 a.m.to 5 p.m. on each 
floor is 1.27 m/s, 1.38 m/s, and 1.46 m/s consecutively, while the average of wind speed from 7 p.m. to 9 a.m. is 
0.94 m/s, 0.96 m/s, and 0.95 m/s.  The increase of wind speed at the higher level of the building did not always 
occur during the day. It indicates that the effect of building height to the wind speed is not significant. Perhaps, this 
is influenced by the environment around the building system. 
 
 
Fig. 4. The floor plan of the RUSUNAMI a. East-West Direction is the direction parallel to the length of the mass of the building. 
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Fig. 5. (a) Outside wind speed profile against building at RUSUNAMI A from 9 a.m. – 5 p.md; (b) from 7 p.m. – 9 a.m. 
Table 2. Comparison of wind speed (the East-West direction) against the elevation of RUSUNAMI A. 
Time (WIT) 
Average speed (m/s) Estimation of the gradient profile 
2nd floor 10th floor 21st floor α Vo 
9:50-10:16 0.9 0.95  0.03 0.92 
10:33-11:16 1.34  1.46 0.05 1.39 
11:20-11:36 1.76  1.98 0.05 1.82 
11:36-11:40 1.96 2.19 1.54 - 
11:40-11:41  3.12 2.58 - 
13:30-15:00 1.56  1.76 0.05 1.6 
15:14-15:30 0.53  0.27 - 
14:44-16:14 1.06  0.97 - 
16:21-16:44 0.21  0.24 0.065 0.22 
16:57-17:16 0.44  0.26 - 
22:12-22:21 0.08  0.14 0.25 0.09 
22:55-23:10 0.72  0.48 - 
23:54-00:36 1.75  2.07 0.067 1.83 
00:36-00:50 1.64 1.84 1.85 - 
00:52-3:37 0.85  0.86 0.005 0.85 
4:51-5:05 0.32 0.1  - 
5:05-5:15 0.39 0.14 0.13 - 
5:14-5:28 0.44  0.16 - 
5:30-9:15 1.01 0.99 0.89 - 
9:29-13:23 1.74 1.86  0.04 1.79 
13:42-13:45 3.56 3.66 3.54 - 
13:09-13:23 3.16 3.31 3.18 - 
13:45-14:00 2.91  3.49 0.07 3.07 
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      Table 3. Comparison of wind entering the South-North direction of the openings to the height of the RUSUNAMI A. 
  Average speed (m/s)  
Time (WIT) 2nd floor 10th floor 21st floor 
18:11-18.17 0.28 0.23 0.21 
18:22-18:27 0.15 0.14 0.15 
18:32-18:47 0.32 0.17 0.12 
 
In Table 2, the coefficient of speed elevation profile at various speeds is delivered by the measurement results 
and predictions. The visible results are inconsistent. In fact, some of the results are not incorporated, because the 
obtained results are upside down, i.e. lower speed at the higher point. It indicates that the condition of the buildings’ 
surrounding does not allow for the relative wind flow without swirl. 
4.2. Level of efficiency in the catching the wind 
Building mass configuration for all RUSUNAMI buildings is nearly in the east-west direction. Based on the 
meteorological data, the dominant wind is in the east-west direction. It explains why all the objects of RUSUNAMI 
cannot catch the wind optimally.  For RUSUNAMI A, when the wind direction of flow velocity is compared 
between East-West and North-South, and conversely, it shows that the East-West direction wind is very dominant. 
As comparison to the exterior side of the East-West flow direction, the airflow is 1.62 m/s. The wind that blows into 




Fig. 6. (a) Comparison of inside and outside wind speed in RUSUNAMI A and; (b) in RUSUNAMI B. 
By looking at Figure 6. (b), it can be seen that the position of the opening of RUSUNAMI B can create cross 
ventilation while the existing front door of RUSUNAMI A blocks the air movement between the window and the 
corridor. Therefore, the proper position is at the end side of the building which would create cross ventilation. 
Fig. 7 illustrates the comparison of incoming wind which is parallel and perpendicular to the openings. Since the 
dominant wind direction in two locations is in the east west direction, the east-west opening orientation will catch 
the wind optimally. Relative position of the opening to the incoming wind direction is significant to create thermal 
comfort. 
4.3. The air flow is needed to obtain the thermal comfort 
Thermal comfort requires the right combination of clothing insulation (clo) level, activity level (met) of 
respondents supported by the availability of wind, and the temperature accordingly. The results of measurements on 
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RUSUNAMI A and B show that the existing openings are not effective in optimizing the air flow that can support 
the creation of thermal comfort. The existing state of the wind is too low because the passive system of the building 
is notable to optimally exploit the potential of the wind around. It is due to the fact that the mass of the building is 
designed to be parallel with the direction of wind flow. In RUSUNAMI B, which is located in the city of Jakarta and 
hotter in air temperature than Bandung, the wind entering the measurement room seems too small. The position of 
the measurement unit takes place in RUSUNAMI-B, which is better than RUSUNAMI A, because it is located at the 
tip and allows one side of the building formed to support the cross ventilation openings. The problem that arises is if 













Fig. 7. Comparison of parallel and normal wind speed to window in the north room in RUSUNAMI B. 
 
Fig. 8. (a) Indoor air temperature and; (b) Inside wall temperatures in RUSUNAMI A. 
Similarly, RUSUNAMI B also needs a higher additional air movement to get thermal comfort (see Fig.9). Fig. 
9.(a) and 10.(b)display that high inside wall temperatures (that directly exposed to the solar radiation) causes 
thermal discomfort. The highest temperature was 33oC and the temperature at 29oC occurred from 11 a.m.to 11 p.m. 
The increase of the air movement could result in discomfort so that using the shading device and appropriate R 
value material should be considered. 
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Fig. 9. (a) Indoor air temperature and; (b) Inside wall temperatures in RUSUNAMI B. 
RUSUNAMI C was examined on its ventilation and temperature performance [Fig. 10]. The position of the unit 
measured at RUSUNAMI C was on the 12th floor in the north side facing the road. The flow of the wind against the 
building is not obstructed. The obtained results are shown in Table 4. New flow appears from the north window if 
the front door is openings to corridors and form a cross ventilation. It is seen on the picture that the room 
temperature during the day can be very high, up to 32oC. The room was certainly uncomfortable for thermal. 
 
Fig. 10. Floor plan of RUSUNAMI C. Large visible on the image of the typical glass window that can be opened, which is also on a RUSUNAMI 
B and D. RUSUNAMI A has a window that can be opened to all, i.e. tipping window with hinges at the top. RUSUNAMI E with nako.  
Table 4. Characteristic of the flow of wind and temperature on RUSUNAMI C. 
Date Hour Outdoor, E-W direction Outdoor, N-S direction 
Indoor, living room, N-S 
direction  Note 
Ta Va Ta Va Ta Va   
28 May 2012 14:14 30.9 0.63 32 0.11 31 0   
  15:35 30.4 1.5 31.3 0.1 31 0   
  19:15 28.3 1.91 29.2 0.13 30.9 0   
  20:00 28.3 0.07 28.9 0.09 30.9 0   
  22:12 28 0.63 29.9 0.04 30.9 0   
 29 May 2012 2:15 27.2 0.19 29.1 0.02 30.6 0   
  4:20 27 0.22 27.8 0.05 30.4 0   
  6:51 28.4 0.06 32.6 0.05 30.3 0   
  8:20 32.1 0.07 38.2 0.03 30.5 0   
  9:43 35 0.01 39.1 0.07 30.7 0   
  10:30 32.9 1.68 35.5 0.12 31 0   
  11:30 35.1 0.73 36.8 0.11 31.2 0   
  12:00 34.1 2.87 36.8 0.1 31.3 0   
  13:10 32.8 0.39 34.8 0.08 31.5 0   
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  14:30 33.1 3.68 36.8 0.4 31.7 0   
  16:00 33.3 0.23 35.1 0.32 32.3 0.42  Cross vent 
  17:10 30.6 2.58 31.5 0.21 31.9 0.29  Cross vent 
  18:06 29.9 1.12 30.5 0.33 31.5 0.29  Cross vent 
  20:12 29 0.55 30.1 0.06 31.3 0   
  21:37 29.6 0.03 30.8 0.02 31.2 0   
  22:40 29 0.05 30.5 0.03 31.2 0   
 30 May 2012 4:50 27.4 0.66 28.7 0.03 30.6 0   
  6:34 27.3 0.43 28.7 0.03 0 30.6  Cross vent 
4.4. Adaptive thermal comfort range 
To give illustration of the indoor temperature conditions in more intact, Fig. 11 displays the two results of 
temperatures measurements in RUSUNAMI D (Bandung, Fig. 11.(a)) and RUSUNAMI E (Jakarta, Fig. 11.(b)). The 
condition of load graphic in RUSUNAMI D is better than in RUSUNAMI E because RUSUNAMI D has natural 
load without air conditioning. However, in RUSUNAMI E, there is sometimes the livelihood of the air conditioning 
machine. The range of temperature in RUSUNAMI D Bandung is between 24.15 to 0.98oC with an average of 
27.5oC. RUSUNAMI E has range of temperature between 21.80 to 35.18oC, with an average of 29.2oC.What is the 
range of the room’s comfortable condition? The climate data analysis results are presented in Figure 12. 
 
 
Fig. 11. (a) Temperatures curve of RUSUNAMI D, Bandung; and (b) of RUSUNAMI E, Jakarta.(source: analyzed) 
 
Fig. 12. (a) Adaptive thermal comfort chart for Bandung; and (b) for Jakarta (source: analyzed) 
It is shown in Figure 12 that after calculated, the neutral temperature in Bandung is 25.08oC, with the farthest 
comfortable limit is at 21 – 28.60oC. While the neutral temperature in Jakarta is 26.60oC, with the farthest 
comfortable limit is at 23 – 30.12oC.Both Bandung and Jakarta have condition outside the comfort zone. The 
building occupants in Bandung will feel comfortable due to the neutral temperature which is above the monthly 
average temperatures, even during the certain extreme condition. In extreme conditions, the temperature is not much 
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different. While in Jakarta is otherwise. Thus, in Jakarta, a passive system of setting conditions must be improved, 
such as the use of a material with a high R value to support the natural ventilation. To achieve thermal comfort, the 
solar radiation should be also controlled by using a shading device, and by using the appropriate transmittance 
values of wall material to reduce the heat conduction. It is necessary to reduce the dependency on the use of air 
conditioning. 
5. Conclusions 
The existing RUSUNAMIs are generally not effective in harnessing the wind. The wind that flows into the 
residential unit is very low (between 0.01 – 0.03 m/s). The role of the openings’ relative position to the incoming 
wind direction is significant to create thermal comfort. However, larger openings do not always create higher indoor 
wind speed; it depends on the direction of incoming wind to the openings.  
The range of temperature in RUSUNAMI Bandung is between24.15 to 30.98oC with an average of 27.5oC. 
RUSUNAMI Jakarta has range of temperature between 21.80 to 35.18oC, with an average of 29.2oC. By adaptive 
thermal comfort calculations, it has been achieved that: the neutral temperature in Bandung is 25.08oC with the 
farthest comfortable limit is at 21 – 28.60oC, and the neutral temperature in Jakarta is 26.60oC with the farthest 
comfortable limit is at 23 – 30.12oC.The building occupants in Bandung will feel comfortable due to the neutral 
temperature which is above the monthly average temperatures, even during the certain extreme condition. In extreme 
conditions, the temperature is not much different. While in Jakarta is otherwise. Thus, in Jakarta, a passive system of 
setting conditions must be improved, such as the use of a material with a high R value to support the natural 
ventilation. To achieve thermal comfort, the solar radiation should be also controlled by using a shading device, and 
by using the appropriate transmittance values of wall material to reduce the heat conduction. 
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